Backyard poultry is considered as a powerful tool for poverty alleviation. It is further promoted as a way of empowering women in communities where there is gender bias in poultry raising. The low-input systems involved are based on local breeds that are perfectly suited to their environment. However, socio-economic processes put local genetic resources under pressure, leading to the erosion of biodiversity. The present survey addresses this issue in the case of Kabylie, a mountainous coastal region of Algeria, through a survey conducted in 90 households raising poultry, a morpho-biometric description of 315 local chickens, and a performance evaluation of both growth and egg production in experimental semi-intensive conditions. The socio-economic profile of poultry smallholders in Kabylie reveals poor education and high diversification of agricultural assets and confirms gender bias in poultry keeping. The erosion of local genetic resources in chicken is found to be severe despite their cultural importance in Kabylie. From complementary surveys among experienced poultry keepers, the major original local type is postulated to consist of three varieties with black plumage (pure black, mottled and barred). The performance evaluation raised promising results, suggesting that exploiting the local breed could pursue some degree of improvement of low-input backyard systems. Finally, a strategy for a revival of the local breed through the support of the most involved smallholders is outlined in accordance with the information collected in the survey.
Introduction
Proteo-caloric malnutrition is a widespread consequence of poverty in developing countries, further compromising people's capability to step out of their condition. In this regard, backyard poultry can be an important tool in poverty alleviation, as eggs for home consumption are a lowcost protein source especially valuable for children's growth, or as it can provide additional income where markets are available (Mack, Hoffmann and Otte, 2005; Roothaert, Ssalongo and Fulgensio, 2011) . In Algeria, as in other regions of the developing world, beyond this productive role, poultry moreover plays a pivotal role in the social sphere, being sacrificed at important occasions such as weddings and circumcision ceremonies or being offered to special guests (Moula et al., 2009a; Raach-Moujahed, Moujahed and Haddad, 2011) . Therefore, poultry can be considered as addressing the poverty problem in its multidimensional nature. The link between poultry and poverty alleviation is even more clearly expressed in the case of Kabylie where the poor are traditionally said to be "the one who does not even have a hen." Indeed, in contrast to larger animals such as ruminants or pigs, poultry is characterized by the low investment needed in backyard systems. Thus they often represent the first step in capitalization by poor people.
Unfortunately, the local breeds on which those low-input systems are based are presently endangered owing to the spread across rural areas of commercial hybrid strains from their initial intensive rearing spots. At present, half of the poultry breeds of known status are at risk of extinction (FAO, 2008) . Poverty in itself is a basic explanation for this genetic erosion: backyard poultry breeders introduce highly productive and genetically uniform strains in their indigenous flocks according to a short-term gain strategy at the expense of sustainability (Anderson, 2003) . Indeed, the lack of adaptation of these hybrid strains to the village raising practices induces a major risk to the present and future production system without realizing the expected profit. A more long-term-oriented strategy should consist of a progressive upgrading of the rearing systems, including the genetic improvement of the local breeds in accordance with the locally available inputs and environment control capacities and possible qualitative and cultural expectations. In this context, characterization of local breeds and assessment of their productive potential in their actual raising system as well as their response to an upgrading of this system is crucial. The present study aims at such an evaluation in Algeria.
Materials and methods

General structure of the study
Characteristics of backyard poultry raising were assessed in a sample of 30 villages of Basse-Kabylie, a mountainous costal region of Algeria about 200 km east of Algiers. The study villages were chosen in ten districts, spreading over the north (2), center (2), south (2), east (2) and west (2) of the region. The raising systems were first assessed through a socio-economic survey conducted in 3 households per village (90 households interviewed). Morpho-biometric characterization of 315 local chicken specimens was then completed. Finally, growth and laying performances were assessed in semi-intensive conditions for 111 chicks and 50 hens, respectively. Socio-economic survey Age, sex, education level, occupations and agricultural endowment of the respondent and the members of the household were recorded. Open questions related to poultry raising practices. Respondents were then asked about their motivations for chicken rearing in general and for the choice of the local breed in particular as well as for the use of the different products through three multiplechoice questions.
In the additional survey, 14 interviewees with over 50 years experience in poultry raising were asked an open question about their perception of a possible change in chicken genetic resources kept in their village (period, nature of the change, description of the former phenotypes).
Morpho-biometric characterization
Adult animals (>10 month) were exclusively used for the morpho-biometric characterization. The different body measurements were recorded in accordance with the FAO (1981) recommendations, by means of a digital balance (accuracy 1 g), an electronic sliding calliper (accuracy 0.01 mm) and a tape measure. The data collected were sex, body weight and reported age of the animal; thoracic girth; feathers type and colour; comb's type, length, height and colour; wattles' height and colour; tarsus length and diameter; wings' length; and the length and colour of the beak.
Egg production performance
Eggs collected in the different villages were put for natural incubation and hatching. Day 1 chicks were vaccinated against Marek's disease. The chicks were then kept in a brooder house and fed a commercial starter mix (22 percent crude protein, 2 700 kcal/kg metabolizable energy) ad libitum until 12 weeks of age. A commercial growth mix (18.9 percent crude protein, 2 700 kcal/kg metabolizable energy) was then given for the following weeks. Temperature and relative humidity were not kept constant but were recorded daily. Maximum temperature ranged between 24 and 32°C and minimum temperature between 19 and 26°C. Maximal relative humidity varied from 60 to more than 94 percent and minimal from 45 to 80 percent.
At week 18, a total of 60 hens were transferred to individual cages. Natural lighting duration was 12h15 at week 19 and was then increased by increments of 30 min per week till duration of 16h30 light per day at week 26. Ranges for maximal and minimal temperature as well as for maximal and minimal relative humidity were 12-31°C, 6-14°C, 75-96 and 50-83 percent, respectively. A laying hen feed mix (18.9 percent crude protein, 3 060 kcal/kg metabolizable energy) was given from week 20 (composition shown in Table 1 ). Ten animals died during the experiment, of unknown cause, as necropsies could not be carried out.
Laying records
Age and weight of the hens at the onset of laying were recorded. Laying was followed-up daily and individually for 52 weeks. Cumulative egg laying rate was assessed for two periods: from week 38 to 42 and from week 56 to 60.
Egg quality
Egg quality analysis was implemented at both abovementioned periods by weekly collection of the first three eggs for each hen (1 500 eggs). Analysis was completed within a few hours after laying. Eggs were numbered and weighed to the nearest 0.01 g. Then, their length and width were measured by means of an electronic sliding calliper (accuracy 0.01 mm), so that an egg shape index could be calculated (ratio between length and width) (Moula et al., 2010) . The eggs were then broken with careful separation of yolk and albumen. The shell (including membranes) and yolks were weighed separately (accuracy 0.01 g). Albumen weight was determined by subtracting yolk and shell weights from total egg weight. The shell thickness was measured at three different random points in the equatorial shell zone using an electronic micrometre (accuracy 0.01 mm). The average of the three measures was used as a trait (Moula et al., 2010) .
Growth performance
A total of 160 eggs were put for natural incubation by 16 selected hens with acknowledged brooding ability. Hatching rate was recorded. The chicks (n = 111) were floor-bred on a sawdust litter in a same ventilated building (no air conditioning). Chicks were first put under a heating lamp and the room temperature was regulated manually according to chicks' behaviour. A continuous light regimen was adopted for the whole experiment period. Animals were fed ad libitum with a starter mix until the age of 14 days (22 percent crude protein, 2 870 kcal/kg metabolizable energy) and then passed to a tradition poultry mix (20 percent crude protein, 2 950 kcal/kg metabolizable energy) which was given ad libitum until slaughter (feed composition listed in Table 1 ).
Each animal was identified individually. After sexing at week 9, males and females were kept separated by a metallic net. Animals were weighed individually at week 0, 1, 4, 8, 12 and 16. The feed conversion index was assessed for the flocks by calculating the ratio between the total ingested food and total live weight gain.
Statistical analysis
All statistical analyses were performed with the SAS software (Statistical Analysis System, 2000). 
Growth performance
Mean body weight by sex was calculated for each week along with standard deviations. Growth was further described by the calculation of growth curve parameters according to the following Gompertz equation: y═α × exp(−β × exp(−γ × t)), where y is the weight of broiler (g); α is the asymptotic weight; β is the integrating constant; γ is the growth speed factor (maturation factor) and t is the time (Porter et al., 2010) . These parameters were estimated by non-linear regression using the Marquardt method in the Non-linear Models Procedure of SAS (2000). The age to inflexion, corresponding to the period when growth is maximum, was calculated using the formula: T i = (1/γ) × ln│β│ (Porter et al., 2010) .
Results
Socio-economic characteristics of local poultry keepers
Median number of poultry by household was 11. Among the 90 respondents, 57 were men and 33 women. The men responding were effectively in charge of poultry keeping activities in only 17 households, poultry keeping being mainly a female occupation (81 percent of households).
This means that 40 women involved in poultry keeping could not be directly interviewed because of the husband's intervention. In all households, women were housewives. Men's main occupation was agriculture in 37 percent of the households; 14 percent were civil servants, 9 percent were merchants and 7 percent were transporters. In 33 percent of households, men declared to be in a situation of unemployment. However, all households of the latter category did present agricultural occupations. Education level was globally low, especially in women; 64 percent of women were illiterate. Among men, 79 percent did not obtain the basic school certificate. Two noticeable exceptions were agronomists (university degree) that were employed as civil servants and were actually in charge of the poultry keeping activities in their household. For the complementary survey among experienced raisers, the median age of respondents was 69.5 years with a minimum at 60 and a maximum at 91.
Agricultural assets
Besides poultry keeping, 79 percent of households cultivate small plots. The major crops are cereals (wheat or barley) and some vegetables (tomatoes, beans, potatoes, onions, courgettes, etc.). Production is generally aimed at home consumption. Owing to the mountainous environment of Kabylie, fruit trees are a common agricultural capital owned by households. The most common trees are olive trees and fig trees, owned by 93 and 88 percent of interviewed households, respectively, but 94.5 percent of households also own other fruit trees such as apple, cherry, orange trees or even oaks (the acorns of which are both consumed by man and fed to animals). Beekeeping was practiced by 62 percent of the households. Fruit trees and beehives are both commonly situated on plots owned by other households, their tenure thus being independent of that of the land harbouring them. The other animals kept were sheep (86 percent), rabbits (64.5 percent), goats (44.5 percent), cattle (38 percent), turkeys (25.5 percent) and ducks (20 percent) ( Table 2) . Motivational aspects and poultry genetic resources management
The major motivations cited for poultry keeping were egg production (58 percent), tradition (53 percent) and then meat production (52 percent) (Table 3) . Rationale for the preference of keepers for the local chicken is presented in Table 3 . The most cited reasons were the strong flavour of its meat (89 percent) and the resilience of the birds to harsh environment (73 percent). The ease of daily care was also commonly cited (65.5 percent).
The 14 experienced respondents, all raising poultry for more than 50 years, unanimously reported a noticeable change in the poultry genetic resources in their villages. The period at which they situate the beginning of this change is the early 1990s. The nature of the change discussed is a widening of phenotypic variability, a decrease in flock size and a loss in "quality" and flavour of both meat and eggs. All respondents described the original phenotypes as predominantly black with some white in the plumage (pure black, mottled or barred) and with blue or black legs. Ten of them also mentioned the partridge plumage along with the black and white varieties as the "true Kabyle chickens". Six persons also cited the blue plumage. The greater resistance to diseases (both digestive and respiratory) of the former Kabyle chicken is unanimously reported. Two persons from two different districts also mentioned the longer legs of the former varieties. White or yellow legs, as well as red plumage, were clearly associated by interviewees to the intrusion of exogenous genetics.
Raising systems
Housing and feeding Data about raising practices are given in Table 4 . Scavenging systems represented 21 percent of cases while semi-scavenging was encountered in the other 79 percent, meaning that poultry were kept sheltered at night. Shelters could be quite rudimentary and assembled from metal panels and wire netting or could be concrete constructions, often adjacent to the main habitation. Animals were mostly fed kitchen waste (98 percent). Cereals and mixes normally intended for use in complementary feeding for ruminants were seldom distributed to chickens for fattening before special celebrations (2 percent). The most common water sources for poultry were wells (48 percent) and tap water (43 percent).
Use of poultry products
Uses were categorized separately for animals (live animals or meat) and eggs. For animals, home consumption was the first use mentioned (42 percent). Reproduction was also a common answer (33 percent). Less cited uses were commercialization (12 percent), gift (9 percent) and exchange (3 percent). For eggs' use, home consumption was more common than for meat (57 percent) while commercialization was less cited (2 percent) and exchange was not practiced. A price premium for local poultry products was stated by 10 percent of interviewees.
Morpho-biometric characterization Feather colour and aspect
The different colours observed and their frequencies are reported in Table 5 . The most common colours were black (17 percent), white (16 percent), gold (13 percent) and silver (11 percent). Other colours such as blue, grey, mottled, red, light brown, dark red, barred, partridge, dark brown, yellow, salmon and tan were less frequently encountered (between 1 and 8 percent). Globally, the population thus turned out to be highly heterogeneous. Males were mostly white or gold (20 percent of each colour), black or silver (14 percent of each colour). In females, black (19 percent) was more frequent than white plumage (12 percent). Naked necks were seldom observed with only 4 percent of cases in both sexes. Type and colour of the comb and the wattles Comb was mostly simple (93 percent) and red (84 percent) in both sexes. The wattles were in general of the same colour as the comb and had similar colour frequencies (Table 6 ).
Skin and legs colour
Skin was mostly white (44 percent) but also pink (22 percent) or yellow (28 percent). Black was rare (7 percent). Legs showed the same colours but with a higher frequency of yellow (37 percent).
Weight and body measurements under traditional raising system
Results for body weight and measurements are presented in Table 7 . Mean weight of females was 1 286 ± 326 g (minimum: 805 g; maximum: 2 754 g). Males were heavier with a mean weight of 1 646 ± 431 g (minimum: 1 060; maximum: 3 241 g). As for weight, all other body measurements were higher in males compared with females. Again, the population turned out to be very heterogeneous with coefficients of variation ranging from 6.8 to 65.3 percent.
Performances under experimental semi-intensive system Egg production Ten hens died during the experiment (16.7 percent mortality rate). The cause of this mortality has not been identified as necropsy could no be carried out. Table 8 shows the age and body weight at onset of laying, eggs number and annual laying rate. Mean age at onset was 189 days and mean body weight was 1 351 g. The hens laid a mean number of 163 eggs per year, with a laying rate of 44.6 percent. Values obtained for egg quality traits at each period are presented in Table 9 . Laying rate showed a statistically significant decrease in the second period (44.68 vs 51.16 percent in the first period) while egg weight showed a statistically significant increase in this second period (54.32 ± 2.66 vs 50.23 ± 2.71 g in the first period). Egg component proportions did differ between periods.
Growth
Among the 160 eggs put for incubation, 111 hatched (hatching rate of 69.37 percent), and 43 males and 55 females were obtained. Mortality rate was 11.71 percent, distributed as follows: five chicks died on day 1, two at week 2, two at week 5 and one per week from week 9 to 12. At week 16, mean feed conversion index was 4.97. Mean weight at hatching was 33.00 ± 1.63 and 31.48 ± 2.10 g in males and females, respectively. At day 84, weights were 1 241.16 ± 160.62 g and 1 034.69 ± 84.38 for males and females, respectively. At day 112, these values were 1 605.56 ± 188.42 and 1 284.55 ± 102.41 g. Gompertz growth curves for males and females are presented in Figure 1 and estimated parameters are given in Table 10 . Asymptotic weight (α) of males was superior to that of females (2 045.30 g vs 1 532.90 g) as was the constant of integration (β) (4.32 vs 4.09). The maturation rate (γ) was higher in females, who reached their inflexion weight sooner than males (50.28 vs 56.94 days).
Discussion
Socio-economic aspects
The present study showed a clear predominance of women in poultry raising activities in households of Kabylie. Such a gender bias has been reported in many other developing countries (Gueye, 2007; Keambou et al., 2007; Ramdas, 2009 ). This bias is the rationale for the use of poultrykeeping programmes as a means of targeting women in poverty alleviation projects, an approach widely known as the "Bangladesh smallholder poultry model" (Jensen and Dolberg, 2003) . As highlighted by Kitalyi (1998) , the gender bias is not universally true and must be accordingly investigated as a precondition for the effectiveness of those programmes. Further attention must be paid to the fact that poultry keeping is neglected by men as long as it is oriented towards home consumption and does not bear any hope for profit. If cash earnings can be realized, men could then intervene in the management and selling decisions to the detriment of women (Gueye, Ndiaye and Branckaert, 1998) . As a matter of fact, in Kabylie, larger semi-intensive or intensive poultry farms are mostly run by men. The monitoring of gender issues throughout the development of access of smallholders to the poultry markets is thus necessary. Upstream, the access to production factors, capital, credit and decision-making become pivotal gender questions if the development of this value chain is to benefit women. In the present survey, it has been difficult and sometimes impossible in many households to interview women directly despite their recognized role in poultry keeping in those households. This sheds light on the gender problem in this region and the many difficulties that would be encountered by projects designed to empower rural women.
A clear lack of education among poultry smallholders also appeared in the present survey. This lack should be addressed in any project aiming at improving poultry keeping practices and organizing producers. Indeed, education is a fundamental determinant of the ability of people to organize themselves and build the institutions needed for sustainable economic development. At present, basic scholarship is obligatory in Algeria but illiteracy remains a real problem in men and women in rural areas.
Chicken flocks owned by the sampled households were small, none of them exceeding 30. All households owned other agricultural assets such as animals, fruit trees, beehives or cropland. No clear grouping of households could be distinguished through principal component analysis and hierarchic classification (results not shown). Thereby, the households included in the survey appeared to be quite homogeneous regarding the diversity of agricultural occupations. In accordance with this global diversification of agricultural assets, attention should be paid to the change in factor allocation (mainly labour) ensuing from improvements in the raising system. For example, women are traditionally engaged in milking of cattle or goats, and may not be able to spend additional time on poultry raising or commercialization as men make decisions on the asset-diversification strategy of the household.
Motivations for poultry raising and indigenous genetic resources management
Poultry is primarily kept for home consumption of both eggs and meat. The fact that the tradition purpose comes as a frequent answer is interesting, showing the cultural and social importance of the simple owning of some hens in Kabylie. Reasons for preference for local chickens over commercial ones could be regarded as a first approximation of breeding goals. Resilience, ease of raising and flavour of eggs and meat are the principal motives. The first two statements fit into the general conception of poultry keeping as a low-investment, low-cost, low-risk and low-skill side activity. The great variety of phenotypes recorded through morpho-biometric descriptions might also point out a lack of management of genetic resources in accordance with the general tendency not to invest in poultry. The present erosion of these genetic resources can be estimated in this study from the percentage of black and blue legs in the total population, which barely attains 14 percent. Erosion can thus be considered as very advanced. Summing up the frequencies of the plumage colours cited as being those of the "true Kabyle chicken" by elders, a total of 29.5 percent is obtained.
While black on its own is still relatively frequent (almost 17 percent), the barred, mottled, blue and partridge phenotypes hardly reach a combined frequency of 12.7 percent.
Such an observation might be misleading about the true interest of local people in their poultry genetic resources. Indeed, an important share of respondents mentioned the colour of feathers to be a case for preference of the local chicken, which denotes cultural importance for the local type. However, this preference is apparently not strong enough to neutralize economic incentives for genetic resource wastage, as described below. Answers from experienced raisers tend to show that the Kabyle chicken previously had a well-standardized phenotype with a quite restricted number of different varieties.
The reported period of change corresponds to the rapid development of industrialized poultry farms in Algeria as a result of the general process of liberalization and privatization of economic activities under the Structural Adjustment Programme imposed by the International Monetary Fund in 1994. From this time onwards a double incentive led to erosion of local poultry genetic resources. First, even in rural villages, people gained access to lowcost eggs and poultry meat, which consequently reduced incentives for keeping large flocks at home in numerous households and especially in those that had the best access to markets. Then the culled layer hens from the industrialized sector were sold on markets and used by households to get an easy and rapid increase of egg production in their own flock.
It appears from the additional survey that in the past poultry raisers implemented some selection in order to increase egg production. The rapid increase obtained by crossbreeding was further reduced incentives for improvement of local chickens. Finally, the erosion process involves externalities linked to the quasi-public good nature of animal genetics (Roosen, Fadlaoui and Bertaglia, 2005) . Indeed, a reduction in the number of households keeping the local chicken resulted in a drastic cut in the local genetic pool, realized by a decrease in the number of local poultry eggs sold for hatching in village markets, as reported by some experienced raisers in the survey. This led to reduced access to local chickens by the poorest smallholders that needed them to increase their flocks and a strong incentive for "intensification"' of their flock by introducing culled birds from industrial strains.
Performance in an experimental semi-intensive system Egg production
The mortality rate during this study was high, which could be ascribed to the inadequacy of housing in cages for local hens. However, Benabdeljelil, Lahbabi and Bordas (2003) , 2011) . The decrease of production in the second period is in accordance with the known evolution of productive performance in commercial strains. The rate of laying commonly reaches a peak and then declines until the end of the production cycle. The egg weight of over 50 g represents a very good performance compared with other local hens of the region such as the Fayoumi (42-47 g) in Egypt (Hossary and Galal, 1995; Raach-Moujahed et al., 2011) or the Large Baladi (38.5 g), the Bare-Neck (39.4 g) and the Betwil (38 g) in Sudan (Mohammed et al., 2005) . The yolk-to-albumen ratio (52.8 percent) is high compared with commercial strains. This is a known feature of local hens, and this ratio is usually negatively correlated to egg weight (Moula et al., 2010) . The increase in egg weight that was observed between the two periods represented an increase of both yolk and albumen, as also reported in the literature (Hartmann et al., 2000; Silversides and Budgell, 2004) . Thus the yolk-to-albumen ratio did not show a statistically significant difference between periods.
Growth
The hatching rate was low, being below 70 percent, whereas rates are considered normal at 80 percent (Sonaiya and Swan, 2004) . The effects on growth of age, sex and their interaction were all highly significant ( p < 0.0001). Two different growth curves are presented for males and females (Table 10) , as sexual dimorphism is a known characteristic of chicken (Pedersen et al., 2003) . At 16 weeks, the body weight of the Kabyle chicken was satisfactory, being superior to those reported for local chickens in Tunisia by Bessadok, Khochilef and El Gazzah (2003) . The feed conversion index was high (4.97) compared with values recommended for slowgrowing quality broiler such as the French "Label Rouge" (Sauveur, 1997) but were in the same range as values reported for other local breeds such as the Ardennaise chicken in Belgium (Moula et al., 2009b) .
Conclusion
The local poultry genetic resources of Kabylie are shown here to be undergoing serious erosion. As advocated by Anderson and Centonze (2007) , collective action for the conservation of animal genetic resources is only possible where those resources are central to people's livelihoods. This importance of the Kabyle chicken is shown here to have both economic and cultural elements, and the case of the Kabyle chicken is accordingly proposed to be manageable on the condition that the identified stakeholders get effective technical and organizational support. The constitution of a breed society might be proposed in this context. On a practical side, the revival of a local chicken breed might first focus on the black phenotypes. Pure black, barred and mottled individuals should then be included in a mixed genetic pool. The blue plumage individuals might also be included in this base population, according to an inclusive strategy for genetic diversity management. Beside this first consolidation phase, objectives of the rearing system should be clarified with the stakeholders, leading to the definition of breeding goals that should govern a sustained selection effort. In this context, the opportunity for some degree of semiintensification should be carefully considered. Such systems would need differentiated markets, which could be envisaged if the reported price premium for local products is confirmed. Indeed, chicken is notably consumed at feasts in Kabyle tradition (New Year, first day of spring) and quality products could benefit from this traditional support. The present performance of the indigenous chicken appears to be competitive with other breeds and local types of the Maghreb. However, the primary interest of the testing conditions in this study was experimental. Semi-intensification on the field should be more gradual and would possibly involve less advanced forms.
